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OPTICAL PUMPING|OF THE POSITIVE COLUMN
OF A HELIUM DC DISCHARGE
by

W. B, Hurt and C., B. Collins
Southwest Center for Advanced Studies
Dallas, Texas

ABSTRACT

OPTICAL PUWPING OF THE POSITIVE COLUMN
OF A HELIUM DC DISCHARGE

An investigfation of the effect of optical pumping on the popula-
tions of excited species produced in the positive column of a de helium
discharge has produced evidence of a new process for formation of excited
helium molecules. The results| sugrest that the helium atoms in the
23P level undergo a reaction with one or more ground-state atoms to pro-
duce excited helium molecular States. This does not, however, appear -
to be the process responsible for the selective population of the n = 3

molecular levels in the positive column of a dc discharge.
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1. INTRODUCTION

It is generally unrecognized that the source of helium molecular
radiation in the positive column of a dc discharge is unknown. This
is due, in part to the fact that it has attracted little attention
since the positive column is a Qeak source of molecular radiation, and
in part to the apparent logic tbat it results from electron recombina-
tion of the molecular ion as infthe case of intense sources of helium
molecular radiation, the weaker intensity in the positive column
resulting from the lower electron densities and higher electron temper=-
atures found there. There are several reasons for doubting this
explanation, The first is, using Bates' /1l/ calculations for excited-
state populations and reasonable values of the electron density
and electron temperature, the calculated molecular populations are
four to six orders of magnitude less than the measured populations,
Also, in the positive column, bands originating from the n = 3
electronic levels are several times brighter than bands originating
from higher quantum levels, while molecular radiation observed in
other sources and known to be the result of recombination of the
molecular ion does not suggest % selective population of any quantum
level. Further, the bands corrésponding to transitions from the V = 1
and V = 2 vibrational levels aré virtually non-existent in the positive
column while these bands are cléarly present in the molecular spectra
resulting from recombination of the molecular ion. Any one of these
reasons is sufficient to cast sgrious doubt on the idea that the same
process responsible for populating the radiating molecular states in
the negative glow /2/ or an aft%rglow /3/ is also responsible for popu=-
lating these states in the posikive column.,

The enhancement of the V = 0 vibrational state of the n = 3

electronic levels suggests that) they may be selectively populated by
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a collision between an atom in [a state with encrsy close to that of

the n = 3 molecular states ané jone or two other fround-state atoms.

With a dissociation enersy of 2 ev for the helium molecular ion the

23P atomic level lies closest to the n.= 3 molecular levels. This

observation has led to an attenmpt to vary the population of 23P atoms

in a positive column without affecting other parameters and to note, if

any, a corresponding variation [in the intensity of radiation from the

n = 3 molecular levels.
2. APPARATUS

Since the 23P atomic levcl is optically connected to the metastable

2 S level, optical pumpins was ;chooen as the best method to alter the
23P population while having th?vleast effect on any of the other para-
meters likely to effect the moiecular intensity.

Figure 1 shows the cell 1n which the molecular intensity and atomic
populations were observed, the[water jacket which was filled with dif-
ferent dyes to pass only certa}n spectral regions of the pumping light,
and the coiled pumping tube wh#ch was the source of pumping light. In
use, the cell and water jacketiwere positioned along the axis and inside
the pumping tube coil as showni Light =shields were placed over both
ends of the cell and adjacent %o the water jacket in order to prevent.
any of the pumping tube radiation from reaching the spectrometer entrance

slit. Checks on the effeet ofjscattered radiation from the pumping
tube were made on all phases o% the experiment and in no case was the
scattered radiation found to h%ve more than an insignificant effect.
Both the cell and the pumbinp tube were the positive column of
dc discharges in helium. The hnmnlna tube was generally operated at

22

lower pressures than the cell §1nce the atomic radiation was more intense

at the lower pressures. The 4
i

ction of cataphoresis served to remove
any impurities that may have b@en in either the cell or pumping tube.
However in order to insure puﬁity. data was taken only under conditions
in which helium molecular radﬁation dominated the negative glow, as
this is the first feature to disappear when impurities are added to a
helium dc discharge.

A photoelectric, 0.5 meter, scanning spectrometer and a helium

Pflucker tube were positioned lat opposite ends of the cell and a
chopper wheel was placed betwéen the Pflucker tube and one end of the
cell, With this arrangement ﬁhe population of atomic and molecular

levels r+ iatiating in the visible could be monitored by measuring cae
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éc signal from the spectrometer pnotowultlpller (EMI 62563) and the
populations of the ?lS, 21P, 235 and 2 P atomic levels could be monitored
by phase-sensitive detection of the chopped 50162, u9212, 38892, and
uu7l§ radiation from the Pflucker tube. The 1.08 micron radiation was
cetected with a cooled RCA 7102 photomultiplier tube.

Conversion of the values of fractional absorption as measured by

[ .

phase sensitive detection to vélues of k 1 were made, as discussed by
Mitchell and Zemansky /4/. The ratio of the Pflucker tube Doppler width !
to the cell Doppler width was determxned from the u650A rotational
temperatures of the Pflucker tube and cell. TFor the results presented
here these temperatures were 650°K and 540°K for the Pflucker tube and
cell respectively and the ratio of the Doppler widths, a, was l.12, A
table of fractional absorptlon for values of k 1 ranging from 0 to 4.0
and a = 1l.12 was calculated on an IBM 1401 computer and the values of f
k l reported here were ottalned from that table.

3. RECSULTS |

With either air or water gn the water jacket the effect of the pumping
radiation was generally to enchance the populations of those levels
optically connected to the atomic metastable states and leave the remaining
atomic populations unaltered. In addition to this normal behavior it was
found that each of the molecular bands examined also exhibited an increase
in ~opulation on application of the pumping radiation. This increase
ranged from 10% to 25% of the original population depending on the
current in the cell with less ?han 1% of this increase being attributable
to scattered molecular radiatibn £ om the pumping source., The bands
examined represented transitio%s from both the singlet and triplet series
and the n = 3 and n = & electrknic levels, TFor a constant cell current
and constant pumping intensityino significant difference in the per cent
enhancement could be detected for any of the bands examined. In ad-
dition, each of the rotationali lines of the MGSOZ band (3p3HP - 2532 )
up to J = 19 exhibited similar pumping behavior. |

In order to isolate that %art of the pumping spectrum responsible
for the observed molecular enhsnccment various liquid filters were used
in the water jacket. Tables I and II present the results of observa-
tions on the 3p3ﬂ and 2 P populatlons obtained using a black dye and
a 5% solution of CuCl2 with a cell current and pressure of ll m.a. and
17 Torr, respectively., Table I lists the transmittance of the black

dye filter relative to the transmittance of water at different wava-




lenrths. The black dve effectively filters out all wavelengths

except the repion around 1 micfon (the wavelengths above 1.4 microns

are filtered out by the water in the dye). As seen from this table

when the 1 micron portion of th pumping radiation was reduced to 71%

of its oririnal intensity by the black dye, the enhancements, induced

by the filteredé pumping radiation, of the 23p population and the molecular
populations were reduced to 88% and 82%, respectively, of their original

values.,

Table II lists the results obtained when the black dye is !
replaced by a 5% solution of CuCl in the water jacket. The effect of |
the CuCl2 is to selectively filter out the red and infrared portions
of the pumping radiation. When the 1 micron region of the pumping
radiation was recduced to 3.6% of its original intensity by the CuC12
solution, the 23P population and molecular population enhancements
induced by the pumpins radiation were reduced to less than 3.7% and
4,6%, respectively, of their original values. This result alone
denies the possibility that the MGSOZ band enhancement is the result
of absorption and reradiation of the 2$3Z: molecule. In addition it
is doubtful the molecular component of the pumping radiation is suf-
ficiently intense to enhance the population of any of the levels optically
connected to the 253£: metastable molecule.

The information from these two tables demonstrates that it is the
infrared portion of the pumpinﬁ radiation that is responsible for the
enhancement of the molecular pépulation, and indicates that there is a

. ‘ . . s 3 .
correlation between the molecular intensities and the 2 P population,
: 4
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Further evidence for such;a correlation is presente
where the uesoﬁ band intensity is plotted versus the 23P population.
The range of obtainable 23P populations was limited by the extent to
which the pumping radiation cogld increase the ambient 23P population
in the cell. Within experimen%al accuracy the data points lie on a
straight line that does not ex%rapolate through zero. Similar data was
taken for various cell discharge parameters and different molecular
levels and rotational lines wiﬁh results similar to that presented in
Figure 2. The value of the intercept did appear to vary when the cell
discharge parameters were altefed.

4, DISCUSSION AND CONCLUSION

The results presented in Table I, Table II and Figure 2 indicate

s . ; . 3 s .oz
a definite correlation between the helium 2 P population in the positive
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column and the production of helium molecular levels. Althourh it may

be felt the absorption of the infrared bands by the 253I: rmolecule may

in some way enhance all of the molecular levels this explanation has been
discarded because the pumping radiation is composed primarily of atomic
lines and also it is not consistent with the straight line obtained in
Figure 2.

The non-zero intercept obtained in Figure 2 indicates that a pro-
cess independent of the 23P atoms is also important in the positive
column. This process cannot be the recombination of molecular ions
for the reasons cited in the Introduction.

A tentative explanation for the molecular radiation in the positive
column that is consistent, at least qualitatively, with the obscrved
results is as follows. The fraction of the molecular population that
is independent of the 23P population may result from electron excita-
tion of the 2532: metastable mo@ecule. The remaining fraction must
result directly or indirectly from the 23P atoms, For a molecular ion
dissociation energy of 2 ev the n = 3 molecular levels lie closest to

the 23P energy level and a reaction of the type

‘He(2°P) + 2He(11s) = He;(n:a) + He(1%s)

could lead to the coaversion of:23P atoms to molecules in one or more

of the n = 3 electronic levels.i Electron collisions could then dis-
tribute a fraction of the molecLles produced in this way to the remaining
n = 3 and higher electronic levéls. The above reaction requires a

third body by virtue of the "hump" in Mullikan's /5/ recent potential
curve for 23P and llS helium atoms. The third Body provides an ad-
ditional interaction which may Fllow the "hump" to disappear as the third
ig

atoms., Mullikan's curves, as also this interpretation, are dependent

body is brought sufficiently close to a colliding pair of 23P and 2

on the value of the dissociation enerpy of the helium molecular ion,
This explanation is offerred more as a guide for further experimental
investigation rather than a final report on the production of helium

molecular radiation in the positive column.
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TABLE I

EFFECT OF BLAC

Wavelength (X)
10830
7065
6678
5875
5016
4713
4471
4026
3889
3LL8

i
i

Ar23r] (black dve)

K DYE

Transmittance
714
.093
L0ul
.014
.018
.019
.020
.021
.021
«030

al2%r] (water)

&I (black dya)

AIm (water)

+883

= ,821




EFFECT OF

ABLE II

-3

% CuCl2 SOLUTION

g

wavelenrth (Z) | Transmittance
10830 f .036
7065 ; .023
6678 § 026
5875 | 438
5016 ; .962
4713 f .971
5471 § .980
4026 .893
3889 .787
3448 «139
a02°p3 (cuc1,)
‘ < ,037

A(?aP] (w%ter)

AIm (CuClj)

1t

AIn Zwaters < J0ue




FIGURE L
CELL & PUMPING TUBE
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